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CROSS REFERENCE TO RELATED APPLICATION 

This application claims priority to and the benefit of Korean Patent 
Application No. 2003-0003975 filed on January 21, 2003 in the Korean 
Intellectual Property Office, the content of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a luminescent display, and a driving 
method and pixel circuit thereof. More specifically, the present invention relates 
to an organic electroluminescent (hereinafter referred to as "EL") display. 

(b) Description of the Related Art 

In general, an organic EL display is a display that emits light by 
electrical excitation of fluorescent organic compound and displays images by 
driving each of N x M organic luminescent cells with voltage or current. These 
organic luminescent cells have a structure that includes an anode (indium tin 
oxide: ITO) layer, an organic thin film, and a cathode (metal) layer. For a good 
electron-hole balance to enhance luminescent efficiency, the organic thin film is 
of a multi-layer structure that includes an emitting layer (EML), an electron 
transport layer (ETL), and a hole transport layer (HTL). The multi-layer structure 
can also include an electron injecting layer (EIL), and a hole injecting layer (HIL). 

There are two driving methods for the organic luminescent cells: one is 



a passive matrix driving method and the other is an active matrix driving method 
using TFTs or MOSFETs. In the passive matrix driving method, anode and 
cathode stripes are arranged perpendicular to each other to selectively drive the 
lines. Contrarily, in the active matrix driving method, a TFT and a capacitor are 
5 coupled to each ITO pixel electrode to sustain a voltage by the capacity of the 
capacitor. 

FIG. 1 is a circuit diagram of a conventional pixel circuit for driving an 
organic EL element using TFTs. For simplicity reasons, only one of the N x M 
pixels is shown in FIG. 1 . 

10 As illustrated in FIG. 1, a current-driven transistor M2 is coupled to the 

organic EL element (OLED) to supply a current for light emission. The amount 
of current of the current-driven transistor M2 is controlled by the data voltage 
applied through a switching transistor M1. Here, a capacitor Cst for sustaining 
the applied voltage for a predetermined time period is coupled between the 

15 source and gate of the transistor M2. The gate of the transistor M1 is coupled to 
a selection signal line Select, and the source is coupled to the data line Vdata . 

In the operation of the pixel of the above structure, when the transistor 
M1 is turned ON in response to the selection signal Select applied to the gate of 
the switching transistor M1, the data voltage Vdata is applied to the gate of the 

20 driving transistor M2 through the data line. In response to the data voltage 
Vdata applied to the gate, a current flows to the organic EL element (OLED) 
through the transistor M2 to emit light. 

The current flowing to the organic EL element (OLED) is given by the 
following equation: 
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Jqled = y " = y faw - Ptfata - |^|) 2 [Equation 1 ] 

where I OLED is the current flowing to the organic EL element (OLED); Vgs is the 
voltage between the source and gate of the transistor M2; Vth is the threshold 
voltage of the transistor M2; Vdata is the data voltage; and p is a constant. 

As can be seen from the equation 1, according to the pixel circuit of FIG. 
1, the current corresponding to the applied data voltage Vdata is supplied to the 
organic EL element (OLED), which emits light by the supplied current. 

Typically, the pixel driving voltage Vdd is constructed as a horizontal or 
vertical line for supplying the power to the driving transistor of each cell. When 
the pixel driving voltage Vdd is constructed as a horizontal line as illustrated in 
FIG. 2 and there are many turned-on driving transistors in the cell coupled to 
each branched Vdd line, a high current flows to the corresponding Vdd line, 
and the voltage difference between the right and left sides of the line increases. 

This voltage drop in the voltage line Vdd is proportional to the amount of 
current, which is dependent upon the number of turned-on pixels among the 
pixels coupled to the corresponding line. So, the voltage drop is also changed 
depending on the number of turned-on pixels. In FIG. 2, the driving voltage Vdd 
applied to the right-handed pixel of the line is lower than the driving voltage Vdd 
applied to the left-handed pixel, and the voltage Vgs applied to the driving 
transistor located at the right-handed pixel is lower than the voltage Vgs applied 
to the driving transistor at the left-handed pixel, thereby causing a difference in 
the amount of current flowing to the transistors and hence a brightness 
difference. 



Despite having the same voltage Vgs , the amount of current supplied to 
the organic EL element (OLED) changes causing a brightness difference, due 
to changes in the threshold voltage Vth of the TFT. Changes in the threshold 
voltage Vth of the TFT occurs due to the non-uniformity of the manufacturing 
5 process. 

FIG. 3 is a circuit diagram of a pixel circuit derived to solve the above 
problem and to avoid the non-uniformity of brightness caused by the variation of 
the threshold voltage Vth of the driving transistor. FIG. 4 is a driving timing 
diagram for the circuit of FIG. 3. 
10 In this circuit, however, the data voltage for the driving transistor M2 must 

be equal to the driving voltage Vdd while AZ signal is LOW. The source-gate 
voltage of the driving transistor is given by the following equation: 

Vgs = Vth + c ^ C2 ( vdd + Vdata) [Equation 2] 

where Vth is the threshold voltage of the transistor M2; Vdata is the data 
15 voltage; and Vdd is the driving voltage. 

As can be seen from the equation 2, there is a problem because the 
swing width of the data voltage or the value of the capacitor C1 must be large 
enough because the data voltage is divided by the capacitors C1 and C2. 

SUMMARY OF THE INVENTION 

20 In one embodiment, the present invention is an organic EL display that 

compensates for the deviation of the threshold voltage of a TFT driving 
transistor to represent uniform brightness. 

In one embodiment, the present invention is an organic EL display that 
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compensates for the difference in the voltage drop among pixels caused in the 
driving voltage Vdd line to represent uniform brightness. 

In one aspect of the present invention, a luminescent display includes: a 
plurality of data lines each of the plurality of data lines transferring a data signal 
5 representing an image signal; a plurality of scan lines each of the plurality of 
scan lines transferring a selection signal thereon; a plurality of pixel circuits 
formed at a corresponding pixel of a plurality of pixels defined by the plurality of 
data lines and the plural scan lines; and a power supply line coupled to each 
pixel circuit. Each pixel circuit includes: a luminescent element for emitting light 

10 corresponding to an amount of current applied; a first capacitor; a first transistor 
having a control electrode thereof coupled to the first capacitor, and a first main 
electrode thereof coupled to the power supply line; a first switch for diode- 
connecting the first transistor in response to a selection signal from a previous 
scan line for a pixel that was previously scanned to charge the first capacitor 

15 with a voltage corresponding to a threshold voltage of the first transistor; a 
second transistor for transferring the data signal from the data lines in response 
to a selection signal from a present scan line for a pixel that is being presently 
scanned; a second capacitor coupled between the power supply line and the 
second transistor for storing a voltage corresponding to the data signal; and a 

20 second switch for electrically isolating a second main electrode of the first 
transistor from the luminescent element during voltage-charging of the first 
capacitor in response to a control signal. The first transistor supplies a current 
corresponding to the sum of the voltages charged in the first and second 
capacitors. 
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In one embodiment, the first switch includes: a third transistor coupled 
between the power supply line and the first capacitor for applying a voltage from 
the power supply line to the first capacitor in response to the selection signal 
from the previous scan line; and a fourth transistor coupled between a control 
5 electrode and the second main electrode of the first transistor for diode- 
connecting the control and first main electrodes of the first transistor in 
response to the selection signal from the previous scan line. 

In one embodiment, the second to fourth transistors are transistors of the 
same conductivity type. 
10 In one embodiment, the control signal is the selection signal from the 

previous scan line. The second switch includes a third transistor that is turned 
off in response to the control signal and coupled between the second main 
electrode of the first transistor and the luminescent element. 

In one embodiment, the second switch includes a third transistor coupled 
15 between the second main electrode of the first transistor and the luminescent 
element. The control signal is a selection signal from a separate scan line, and 
it turns on the third transistor. 

In one embodiment, the control signal includes the selection signal from 
the previous scan line, and the selection signal from the present scan line. The 
20 second switch includes third and fourth transistors that are coupled in series 
between the second main electrode of the first transistor and the luminescent 
element, and that have a control electrode thereof coupled to the previous scan 
line and the present scan line, respectively. 

In another exemplary embodiment of the present invention, there is 
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provided a pixel circuit for a luminescent display, in which plural pixel circuits 
are formed in a plurality of pixels defined by a plurality of data lines and a 
plurality of scan lines The pixel circuit includes: a luminescent element; a first 
transistor having a first main electrode thereof coupled to a power supply line, 

5 and supplying a current for light-emission of the luminescent element; first and 
second capacitors coupled in series between the power supply line and the 
control electrode of the first transistor; a second transistor having a control 
electrode thereof coupled to a present scan line for a pixel that is being 
presently scanned, and a first and a second main electrodes thereof coupled to 

10 the data line and the first and second capacitors, respectively; a third transistor 
having a control electrode thereof coupled to a previous scan line for a pixel that 
was previously scanned, and coupled between the power supply line and the 
first and second capacitors; and a fourth transistor having a control electrode 
thereof coupled to the previous scan line, and being coupled between the 

15 second capacitor and the drain electrode of the first transistor. The first 
transistor supplies a current corresponding to a voltage charged in the first and 
second capacitors. 

In one embodiment, the third and fourth transistors are transistors of the 
same conductivity type. 

20 In one embodiment, the pixel circuit further includes a switch coupled 

between the first transistor and the luminescent element having a control 
terminal thereof for receiving a control signal. 

In one embodiment, the control signal is a selection signal from the 
previous scan line. The switch includes a fifth transistor coupled between a 
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second main electrode of the first transistor and the luminescent element and 
that is turned off in response to the control signal. 

In one embodiment, the switch includes a fifth transistor coupled 
between the second main electrode of the first transistor and the luminescent 
element. The control signal is a selection signal from a separate scan line for 
turning on the fifth transistor. 

In one embodiment, the control signal includes a selection signal from 
the previous scan line and a selection signal from the present scan line. The 
switch includes fifth and sixth transistors having a gate electrode thereof 
coupled to the previous scan line and the scan line. The fifth and sixth 
transistors are coupled in series between the second main electrode of the first 
transistor and the luminescent element. 

In still another exemplary embodiment of the present invention, there is 
provided a method for driving a luminescent display, which includes a data line, 
a scan line intersecting the data lines, and a pixel formed in area defined by the 
data line and the scan line and having a transistor for supplying a current to a 
luminescent element. The method includes: compensating a gate voltage of the 
transistor in response to a previous selection signal for selecting a first pixel that 
was previously scanned coupled to a previous scan line; applying a selection 
signal for selecting the pixel coupled to the scan line; and receiving the data 
voltage from the data line in response to the selection signal, and supplying a 
current corresponding to the sum of the compensated gate voltage and the data 
voltage to the luminescent element. 

In one embodiment, the method further includes: interrupting a supply of 
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the current to the luminescent element while the data voltage is applied from the 
data line in response to the control signal. 

In one embodiment, the control signal is the selection signal, or a 
selection signal from a separate scan line. 
5 In still yet another exemplary embodiment of the present invention, there 

is provided a display device comprising: a display element for displaying a 
portion of an image in response to a current being applied; a transistor having a 
first main electrode coupled to a voltage source; a first capacitor coupled to a 
control electrode of the first transistor for charging a first voltage corresponding 

10 to a threshold voltage of the transistor; and a first switch coupled between a 
second main electrode of the transistor and the display element for intercepting 
the current supplied to the display element from the transistor. 

In one embodiment, the first voltage is charged in the first capacitor 
during a first period, and the second voltage is charged in the second capacitor 

15 during a second period. In addition, The first and second periods may not be 
superimposed. 

In one embodiment, the first switch intercepts the current during the first 
period or the second period. 

In one embodiment, the display device comprises a second switch 
20 coupled in parallel to the second capacitor, and the second switch is turned on 
to discharge the second capacitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a 
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part of the specification, illustrate exemplary embodiments of the invention, and, 
together with the description, serve to explain the principles of the invention: 

FIG. 1 is a circuit diagram of a conventional pixel circuit for driving an 
organic EL element; 

FIG. 2 is a diagram showing the construction of a driving voltage vdd 
parallel to scan lines in a general circuit for driving the organic EL element of 
FIG. 1; 

FIG. 3 is a circuit diagram of a conventional pixel circuit for preventing 
non-uniformity of brightness caused by a variation of threshold voltage Vth of 
the driving transistor; 

FIG. 4 is a driving timing diagram for the circuit of FIG. 3; 

FIG. 5 is a diagram of an organic EL display according to an embodiment 
of the present invention; 

FIG. 6 is a circuit diagram of a pixel circuit according to a first 
embodiment of the present invention; 

FIG. 7A is a diagram showing the operation of the pixel circuit according 
to the first embodiment of the present invention when the (n-1)-th scan line 
signal is applied; 

FIG. 7B is a driving timing diagram for the circuit of FIG. 7A; 

FIG. 8A is a diagram showing the operation of the pixel circuit according 
to the first embodiment of the present invention when the n-th scan line signal is 
applied; 

FIG. 8B is a driving timing diagram for the circuit of FIG. 8A; 

FIG. 9a is a circuit diagram of a pixel circuit according to a second 
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embodiment of the present invention; 

FIG. 9b is a scan timing diagram for the circuit of FIG. 9a; 

FIG. 10a is a circuit diagram of a pixel circuit according to a third 
embodiment of the present invention; and 

FIG. 10b is a scan timing diagram for the circuit of FIG. 10a. 

DETAILED DESCRIPTION 

In the following detailed description, general exemplary embodiments of 
the invention has been shown and described. As will be realized, the invention 
is capable of modification in various obvious respects, all without departing from 
the invention. Accordingly, the drawings and description are to be regarded as 
illustrative in nature, and not restrictive. 

FIG. 5 is a schematic plan diagram of an organic EL display according to 
an embodiment of the present invention. 

The organic EL display according to the embodiment of the present 
invention comprises, as shown in FIG. 5, an organic EL display panel 10, a 
scan driver 20, and a data driver 30. 

The organic EL display panel 10 comprises a plurality of data lines to 
D y for transferring data signals representing image signals; a plurality of scan 
lines Si to S z for transferring selection signals; and a plurality of pixel circuits 1 1 , 
each formed in a pixel area defined by two adjacent data lines and two adjacent 
scan lines. The data driver 30 applies a data voltage representing image signals 
to the plural data lines Di to D y , and the scan driver 20 sequentially applies the 
selection signal to the plural scan lines Si to S z . 

n 



FIG. 6 is a circuit diagram of a pixel circuit 11 according to a first 
embodiment of the present invention. 

The pixel circuit 11 comprises, as shown in FIG. 6, an organic EL 
element (OLED), transistors M1 to M5, and capacitors Cst and Cvth according 
to the first embodiment of the present invention. 

The organic EL element (OLED) emits light corresponding to the amount 
of current applied. The current-driven transistor M1 has a source electrode, 
which is one of two main electrodes, coupled to a driving voltage Vdd, and a 
drain electrode, which is the other main electrode, coupled to the source 
electrode of the transistor M2. The transistor M1 outputs a driving current 
corresponding to the voltage applied between its gate and source. The 
transistor M2, which is coupled between the transistor M1 and the organic EL 
element (OLED), transfers the driving current from the transistor M1 to the 
organic EL element (OLED). The selection transistor M3 has a drain electrode, 
which is one of two main electrodes, coupled to the source electrode, which is 
the other main electrode of the transistor M4, a source electrode coupled to the 
data line Data, and a gate electrode, which is a control electrode, coupled to the 
n-th scan line. The drain electrode of the transistor M4 is coupled to the voltage 
Vdd. The gate electrodes of the transistors M2, M4, and M5 are coupled to the 
(n-1)-th scan line. According to the pixel circuit of FIG. 6, the current-supplying 
transistor M1 and the selection transistors M3, M4, and M5 are all PMOS type 
TFTs, and the selection transistor M2 is an NMOS TFT. 

The capacitors Cst and Cvth are coupled in series between the driving 
voltage Vdd and the gate of the transistor M1. The data line Data is coupled 
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between the capacitors Cst and Cvth through the selection transistor M3. 

Next, the operation of the pixel circuit according to the first embodiment 
of the present invention in FIG. 6 will be described with reference to FIGS. 7A, 
7B, 8A, and 8B. 

For a time T(n-1), as shown in FIG. 7B, the previous scan line for a pixel 
that was scanned previous to the pixel that is being presently scanned, i.e., the 
(n-1)-th, or previous scan line, is selected to apply a low signal to the (n-1)-th 
scan line and a high signal to the n-th scan line for a pixel that is being presently 
scanned, or the present scan line. During this time, the transistors M4 and M5 
are turned on and the transistor M2 is turned off, as shown in FIG. 7A. Also, the 
transistor M3having its gate coupled to the n-th scan line is turned off. 
Accordingly, the transistor M4 having its gate and source shorted, performs a 
diode function for the driving voltage Vdd. The threshold voltage Vth of the 
transistor M1 is thus stored in the capacitor Cvth, because the capacitor Cst is 
shorted by the turned on transistor M4. 

For a time Tn, as shown in FIG. 8B, the n-th scan line (nth Scan) is 
selected to apply a low signal to the n-th scan line and a high signal to the (n-1)- 
th scan line ((n-1)th Scan). During this time period, the transistors M4 and M5 
are turned off and the transistor M2 is turned on, as shown in FIG. 8A. The 
transistor M3 having its gate coupled to the n-th scan line (nth Scan) is also 
turned on. Due to the data voltage Vdata from the data line Data, the voltage of 
the node D is changed to the data voltage Vdata. The gate voltage of the 
transistor M1 amounts to Vdata - Vth, because the threshold voltage Vth of the 
transistor M1 is stored in the capacitor Cvth. 



13 



Namely, the gate-source voltage of the transistor M1 is given by the 
equation 3, and the current Ioled of the equation 4 is supplied to the organic EL 
element (OLED) through the transistor M1. 

Vgs = Vdd- (Vdata-Vth) [Equation 3] 

I OLED = £ (Vgs - Vth) 2 = £ (Vdd - Vdataf [Equation 4] 

where Vdd is the driving voltage; Vdata is the data voltage; and Vth is the 
threshold voltage of the transistor M1 . 

As can be seen from the equation 3, even though the threshold voltage 
Vth of the transistor M1 differs from pixel to pixel, the data voltage Vdata 
compensates for the deviation of the threshold voltage Vth to supply a constant 
current supplied to the organic EL element (OLED), thus solving the problem 
with the non-uniformity of brightness according to the position of the pixel. 

As stated above, when a current flows to the driving transistor M1 while 
the data voltage Vdata is applied, the driving voltage Vdd drops due to the 
resistance of the supply line of the driving voltage Vdd. The voltage drop in this 
case is proportional to the amount of current flowing to the supply line of the 
driving voltage Vdd. Accordingly, with the same data voltage Vdata applied, the 
voltage Vgs applied to the driving transistor is changed to vary the current, 
causing non-uniformity of brightness. 

FIG. 9A is a circuit diagram of a pixel circuit according to a second 
embodiment of the present invention that prevents a change of the voltage Vgs 
(of the M1 transistor) by interrupting the current to the driving transistor M1 
while the data voltage Vdata is applied, in the case where the supply line of the 
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driving voltage Vdd is arranged in the same direction as the scan line. FIG. 9B 
is a scan timing diagram of the pixel circuit of FIG. 9A. 

As illustrated in FIG. 9A, the NMOS transistor M2 the gate of which is 
coupled to the previous scan line ((n-1)th Scan) in the circuit of FIG. 6, is 
replaced with the PMOS transistor M2 and a separate scan line (nth Scan2) for 
controlling the transistor M2 is connected to the gate of the new transistor M2. 

Namely, as illustrated in FIG. 9B, a high signal is applied to the scan line 
(nth Scan2) while a low signal is sequentially applied to the (n-1)-th and n-th 
scan lines ((n-1)th Scan and nth Scan), to turn the transistor M2 off. Thus 
current is prevented from flowing to the transistor M1 while the data voltage 
Vdata is applied. 

No voltage drop occurs on the driving voltage Vdd line, because no 
current flows to the n-th driving voltage Vdd line. Despite a voltage drop after 
applying the data voltage Vdata, the transistor voltage Vgs of each pixel is not 
changed, thereby preventing non-uniformity of brightness caused by the voltage 
drop of the driving voltage Vdd. 

The circuit of FIG. 9A, which has a separate scan line for controlling the 
transistor M2, requires a circuit for generating a signal to be applied to this scan 
line. 

FIG. 1 0A is a circuit diagram of a pixel circuit according to a third 
embodiment of the present invention which does not require a circuit for 
generating a new signal. FIG. 1 0B is a scan timing diagram of the circuit of FIG. 
10A. 

The pixel circuit according to the third embodiment of the present 
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invention adds, as illustrated in FIG. 10A, an NMOS transistor M6 between the 
transistor M2 and the organic EL element (OLED) of the circuit of FIG. 6. The 
gate of the transistor M6 is coupled to the n-th scan line (nth Scan). 

Namely, as illustrated in FIG. 10B, the transistor M2 is short-circuited 
with a low signal applied to the (n-1)-th scan line ((n-1)th Scan), and the 
transistor M6 is short-circuited with a low signal applied to the n-th scan line (nth 
Scan), thereby preventing a current flowing to the transistor M1 while the data 
voltage Vdata is applied. 

No voltage drop occurs on the driving voltage Vdd line, because no 
current flows to the n-th driving voltage Vdd line. Despite a voltage drop after 
applying the data voltage Vdata, the driving transistor voltage Vgs of each pixel 
is not changed, thereby preventing non-uniformity of brightness caused by the 
voltage drop of the driving voltage Vdd. In addition, the gate of the transistor M6 
is coupled to the n-th scan line (nth Scan) for the control of the transistor M6, so 
there is no need for an additional circuit for generating a control signal. 

The transistor M6 may be disposed at any position between the driving 
voltage Vdd and the cathode power source. 

As described above, the present invention effectively compensates for 
the deviation of the threshold voltage of the TFT for driving an organic EL 
element to prevent non-uniformity of brightness. 

Furthermore, the present invention prevents non-uniformity of brightness 
caused by a voltage drop of the driving power line when the driving power line is 
arranged in the same direction of the scan line. 

While this invention has been described in connection with what is 
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presently considered to be the most practical and preferred embodiment, it is to 
be understood that the invention is not limited to the disclosed embodiments, 
but, on the contrary, is intended to cover various modifications and equivalent 
arrangements included within the spirit and scope of the appended claims. 
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